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ABSTRACT 
Since June 1979 a study to determine the effects of municipal street 
sweeping on urban storm runoff quality has been conducted by the Illinois 
State Water Survey (ISWS) for the Illinois Environmental Protection Agency 
(IEPA). The study is part of the Nationwide Urban Runoff Program (NURP) 
sponsored by the United States Environmental Protection Agency. This 
report covers activities of the second phase of the project, August 1980 to 
July 1981, including analysis of the data from the 1980 sampling season. 
Data collection under the original scope of work will cease August 31, 
1981. The report on that portion of the project will be completed in March 
1982. An extension of the project addressing the impact of urban storm 
runoff on receiving streams will be carried out during the 1982 sampling 
season. 
Two pairs of small urban drainage basins were selected in Champaign, 
Illinois in 1979 and were instrumented for rainfall and runoff measurement 
and sampling. A sampling program for street dirt load, particle size dis-
tribution, and concentration of contaminants was also implemented. From 
November 1979 through July 1981, 83 events were sampled and 1663 samples 
analyzed for a total of 17,836 constituent determinations. During the 
first part of that period, no street sweeping was done in any of the 
basins; later, municipal sweeping was performed regularly in one of each 
pair (experimental basins). The effect of street sweeping on runoff 
quality is being determined by comparisions of runoff quality from swept 
and unswept basins, from experimental basins before and after the sweeping 
program was instituted, and from actual and simulated conditions on the 
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basins. The last comparison involves extensive use of the Q-ILLUDAS 
simulation model. 
The results presented in this report include a summary of the runoff 
quality data collected in 1980; summary and analysis of contribution by 
atmospheric deposition; summary of the street dirt load, particle size 
distribution, and quality data available; and analysis of the data for 
deposition and accumulation rates by basin. Also present are an assessment 
of performance of the municipal street sweeper; a summary of experimental 
efforts made to evaluate data collection methods; and presentation and 
discussion of the effect of sweeping on runoff quality from residential 
basins based on 1980 data. 
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INTRODUCTION 
SCOPE OF REPORT 
This report covers the second phase of the project from August 1, 
1980 to July 31, 1981. The work done in the first phase, June 1979 to July 
1980, was documented in Evaluation of the Effectiveness of Municipal Street 
Sweeping in the Control of Urban Storm Runoff Pollusion, First Annual 
Report, by M. L. Terstriep et al., April 1981. The first annual report 
contained descriptions of the background of the project, site selection and 
instrumentation, development of data collection, data management, and 
quality control techniques. It also summarized the data collected to that 
point in the project and offered preliminary analysis of that data. 
During Phase II the principal activities were continuations of the 
monitoring and sampling efforts initiated in Phase I for two pairs of small 
urban drainage basins. These efforts included recording of rainfall and 
runoff quantity and quality, measurement of street dirt load by basin, 
particle size distribution of dirt loads, and quality by particle size. 
Application of a municipal street sweeping program to one of each pair of 
basins also occurred during this period. The changes made in each of these 
procedures before the start of the 1981 season will be detailed later in 
the report. Preliminary analysis of the data collection in the 1980 season 
has been carried out and results are presented. 
OBJECTIVE 
The primary objective of this project is to evaluate the potential of 
conventional municipal street sweeping as a management practice for the 
improvement of urban stormwater quality. Some goals of the project are 
listed below: 
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1. To relate the accumulation of street dirt to land use, traffic 
count, time, and type and conditions of street surface. 
2. To define the washoff of street dirt in terms of rainfall rate, 
flow rate, available material, particle size, slope and surface 
roughness. 
3. To determine what fraction of pollutants occurring in stormwater 
runoff may be attributed to atmospheric fallout. 
4. Modify the ILLUDAS model (1) to permit examination of the 
functions determined in objectives 1 through 3. 
5. To calibrate the modified model on all instrumented basins. 
6. To identify sources of pollutants in the urban environment. 
7. To determine, if possible, the influence of deposition and scour 
in the pipe system on runoff quality. 
8. To develop accurate production functions and corresponding cost 
functions for various levels of municipal street sweeping. 
METHODOLOGY 
Five small urban basins in close proximity to one another were 
instrumented in the city of Champaign, Illinois, figures 1 and 2. Data 
collection has included continuous measurement and water quality analysis 
of rainfall and runoff, chemical analysis of dry atmospheric fallout, and 
determination of loads, rates of deposition and accumulation, particle size 
distributions, and constituent concentrations of street dirt. 
One of the five basins consists of about 0.1 acre of street area 
contributing to a single curb inlet and is referred to as the micro-basin. 
Since no pipe flow is involved in this basin, data from it are being used 
to examine the washoff characteristics of surface flow. The exponential 
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Figure 1. General location of study area 
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washoff functions used in most current models have been shown to be 
inadequate for accurate simulation of the washoff phenomenon (2). Two of 
the basins are similar in size and have a uniform single family residential 
land use. The remaining two basins are also similar in size and consist 
primarily of heavily traveled four-lane streets serving a commercial area. 
Data collection began with a control period during which no street 
sweeping was done in any basin. The data from this period were used to 
establish baseline values for street dirt loads and corresponding runoff 
quality for each basin. After about four months of the control situation 
the experimental period began. Municipal sweeping of one basin in each 
pair was performed at a fixed frequency, while the others remained unswept. 
As the project continued the frequency was changed, and after a time the 
basin treatments were reversed, so that sweeping was done on those which 
had been left unswept earlier and was terminated on the basins which had 
been swept regularly. Details of this procedure will be presented in 
another part of this report. Throughout the entire experimental period 
monitoring of runoff quantity and quality and measurement of street dirt 
load, particle size distribution, and quality continued. 
The effect of street sweeping on runoff quality is being assessed in 
several ways. Reductions due to sweeping of basin loads, whose measure-
ments represent material available for washoff by stormwater, are being 
documented. Direct comparisons of constituent concentrations and loads 
from specific events on the paired basins are being made. Simulation 
modeling is being used to evaluate data, to establish the degree of 
validity with which paired basin results may be directly compared, and to 
calculate the change in runoff loads for specific events on the swept 
basins attributable to sweeping. Eventually the effects of changing 
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seasons and of characteristics of the basins on street dirt and runoff 
quantity and quality will be determined. 
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DATA COLLECTION 
Table 1 lists by date the sampling and monitoring activities conducted 
in the four basins and the micro-basin since the start of the project. The 
overall calendar of street dirt sampling and municipal sweeping activities, 
including basin cleanups and special experimental design samplings, in the 
four basins since the start of the project is shown in figure 3. 
Entries in table 1 indicate the availability of specific data items 
for the dates shown. These include: 
R--One minute incremental rainfall records from tipping bucket gages 
associated with Mattis South, John North, and the micro-basin at 
Daniel, and a 5-minute record from a weighing bucket gage at 
Mattis North. John North and John South share the same rainfall 
record. 
Q--Continuous discharge record at one minute intervals for the 
duration of the event. 
EWQ--This entry indicates that water samples were collected and 
analyzed for some portion of the chemical parameters shown in 
table 2. An entry under the "D" sub-heading indicates discrete 
samples and under the "C" sub-heading indicates a flow-weighted 
composite sample. 
PSL--An entry under the "D" sub-heading indicates that sample street 
sweeping was performed on this day. This further indicates that 
the pollutant load on each basin was calculated and that a sieve 
analysis was performed. An "S" entry indicated that the material 
removed by the municipal sweeper was sampled and weighed. 
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TABLE 1. Data Collection in Champaign NURP Project -
November 1979 - July 1980 
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TABLE 2. Maximum Constituent List' 
for Stormwater and Street Dirt Samples 
Total Suspended Solids 
Particle Size Determination 
Total Dissolved Solids 
PH 
Specific Conductance 
Nitrate plus Nitrite (as N) Dissolved, Total 
Ammonia Nitrogen (as N) Dissolved, Total 
Kjeldahl Nitrogen (as N) Dissolved, Total 
Phosphorus (as P) Dissolved, Total 
Lead Total 
Copper Total 
Iron Total 
Chromium Total 
Cadmium Total 
Zinc Total 
Mercury Total 
Organic Carbon (as C) Dissolved, Total 
Chemical Oxygen Demand 
Biochemical Oxygen Demand 5-Day, Ultimate (20-50 Day) 
Fecal Coliform Bacteria 
Fecal Streptococcal Bacteria 
Temperature 
Dissolved Oxygen 
Color 
Turbidity 
Hardness 
Other special constituents: PCBs, Pesticides, Oil and Grease 
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Figure 3. Data Collection and Street Sweeping Calendar 
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ADQ--Entries under the "R","D", and "B" sub-headings indicate that 
wet-fall, dry-fall, and combined wet-dry samples of atmospheric 
deposition were collected and analyzed. 
Rainfall and runoff quantity and quality monitoring began in November 
1979. In April 1980, after thorough cleanings of the study basins, a 
control period was initiated during which no street sweeping was done in 
any basin. Event monitoring continued, and routine sampling of street dirt 
loads on the basins began in May. In July, near the end of Phase I, 
municipal street sweeping at a frequency of twice per week was started in 
one residential and one commercial basin, the experimental basins. This 
sweeping program was continued through October and into November, when the 
system was finally shut down for the winter. The two basins which were not 
being swept routinely, the control basins, had major cleanups at the end of 
September. All four basins were cleaned in November just before shutdown 
of the system. 
In 1981 runoff event monitoring began again in February. Cleanups of 
winter street dirt accumulation were conducted in the basins at the end of 
March, and in April street dirt sampling and municipal sweeping were 
resumed. The same basins were used for experimental sweeping during April 
and May as had been used in 1980, but the frequency of sweeping was changed, 
to once per week. In June street sweeping was halted in the experimental 
basins and started in the other basins and the "experimental" and "control" 
designations were switched. The frequency of experimental sweeping 
remained at once per week. 
In 1981 several departures from procedures used in 1980 were made in 
addition to the changes in basin designations and experimental street 
sweeping frequency. Automatic flow-weighted composite sampling controlled 
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by the mini-computer was used for about 80% of the runoff events monitored, 
rather than discrete sampling which had been used for all but one event in 
1980. In street dirt sampling an equipment change was made to improve the 
collection of material from the street surface. A smaller intake was 
attached to the vacuum wand, decreasing the area represented by each 
sampling pass but improving the performance of the vacuum unit. A pro-
cedural change was also made in the street dirt sampling program: on days 
of municipal sweeping in a basin, the load on the basin was measured before 
and after sweeping, instead of only after sweeping as had been done in 
1980. This provided better information on sweeper efficiency and on the 
effect of sweeping on basin load. 
By the end of Phase II, 83 storm runoff events had been monitored and 
sampled, 46 in 1980 and 37 in 1981. Of the 83 events, 51 were represented 
by discrete samples and 32 by composite samples. Altogether 1663 samples 
of runoff and fallout have been kept and 17,836 analyses run on them. Some 
of the results are shown in tables 3-12. These tables are summaries of 
runoff quality data from all five sites for the entire 1980 season. The 
data presented are maximum and minimum observed values in the stated number 
of samples analyzed for nutrients, metals, and solids concentrations. 
Entries are made in the tables for every event from which any runoff 
samples were kept for any kind of laboratory analysis. 
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TABLE 3. 1980 Runoff Quality - Site 1 - Solids and Nutrients 
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TABLE 4. 1980 Runoff Quality - Site 1 - Metals 
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TABLE 5. 1980 Runoff Quality - Site 2 - Solids and Nutrients 
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TABLE 6. 1980 Runoff Quality - Site 2 - Metals 
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TABLE 7. 1980 Runoff Qual i ty - S i t e 3 - So l ids and N u t r i e n t s 
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TABLE 8. 1980 Runoff Quality - Site 3 - Metals 
20 
TABLE 9. 1980 Runoff Quality - Site 4 - Solids and Nutrients 
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TABLE 10. 1980 Runoff Quality - Site 4 - Metals 
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TABLE 11. 1980 Runoff Quality - Site 5 - Solids and Nutrients 
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TABLE 12. 1980 Runoff Quality - Site 5 - Metals 
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ANALYSIS OF 1980 DATA 
Results presented in this section must be considered preliminary and 
are presented to provide material for review and comment. Most relation-
ships described herein will be enhanced by the addition of more data. 
Other relationships may be affected by modification of discharges due to 
changes in the rating curves at sampling points. Recent dye-dilution flow 
measurements have not yet been incorporated in discharge data. 
These initial results are also complicated by the use of two different 
sieve sets for particle size distributions. NURP guidelines on these 
sieves were changed during the early stages of this project. The final 
report will contain additional data using the sieve set represented in 
table 14. 
Refinements in data collection methods during the 1981 sampling season 
will provide data more relevant to questions being asked and more com-
patible with data from other projects. 
STREET DIRT LOADS THROUGH SAMPLING SEASON 
Figures 4-7 display the results of street dirt sampling on each basin 
during the 1980 sampling season. Each of the figures contains two lines. 
The points connected by the upper line represent the total basin load 
calculated from sample results and expressed in kg/curb-km for each 
sampling day. The lower line identifies the portion of the total basin 
load which is less than 250 microns in size. The second line is based on 
the calculated total basin load and the determination of particle size 
distribution in the street dirt samples from each sampling day. The lines 
between the plotted points are drawn as indicators of the direction the 
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Figure 4. Basin Load History from Street Dirt Sampling - Mattis South 
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Figure 5. Basin Load History from Street Dirt Sampling - Mattis North 
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Figure 6. Basin Load History from Street Dirt Sampling - John North 
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Figure 7. Basin Load History from Street Dirt Sampling - John South 
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loads have gone between sampling dates and are not intended to portray the 
probable loading condition on each non-sampled day. 
There are several points worth noting in inspecting these curves. 
There was a pronounced effect of municipal sweeping on the basin load in 
John North and a lesser effect on Mattis South when the twice-weekly 
sweeping of the two basins began in July. Both load and variability were 
sharply reduced in John North, with load reduction of about 63%. Mattis 
South shows less dramatic change, with a load reduction there of about 24%. 
The control basins continue to show high load and variability throughout 
the sweeping period until the cleanup at the end of September. The reduc-
tion of load in both control basins due to the cleanup is quite large, 77% 
for Mattis North and 67% for John South. The fairly quick return of the 
John South basin to a heavy load condition is attributable to the seasonal 
effect of leaf and litter load during the autumn in the residential area. 
The Mattis North basin does not show any such recovery to the high loads 
observed in the summer largely because of a difference in the type and 
source of load. 
The lower line in each figure shows that municipal sweeping is less 
effective on material smaller than 250 microns than on the total basin 
load. This is expected since the mechanical sweeper is designed to remove 
large, objectionable material including trash, litter, and leaves. The 
reduction of these finer particles by sweeping on John North is only about 
48%, compared to 63% for the total basin load. For Mattis South the 
corresponding values are 16% and 24%. 
Total basin load values reached their maximum for the 1980 season 
during July. This was a time of genuine increase in load on all basins as 
a 21-day dry period occurred. During this period the municipal sweeping 
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program on Mattis South and John North was started and their loads were 
immediately reduced. Storms in late July and early August were responsible 
for decreasing loads in the control basins. 
STREET DIRT LOAD - DEPOSITION AND ACCUMULATION 
Figure 8 represents the deposition and accumulation of street dirt in 
the four basins during the 1980 season. For every day of sampling in a 
basin the total basin load was calculated and expressed in kg/curb-km. A 
value for days since the basin was last cleaned, either by sweeping or by a 
rainfall of at least 0.20 inch, was associated with each basin load deter-
mination. All basin load values corresponding to each number of elapsed 
days were averaged and the points plotted. In many cases there" is only a 
single load value for a particular number of elapsed days. These points 
were plotted with the others and are one of the reasons for the appearance 
of erratic behavior in the plots. 
The dashed curves drawn through the plotted points are sketches only. 
They were put in to serve as indicators of the approximate shape of the 
characteristic loading curves for the basins. The inclusion of additional 
data, especially the sampling results from the 1981 season, will produce 
more reliable curves when this analysis is extended. Estimates from the 
curves of several key parameters of basin loading are listed in table 13. 
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Figure 8. Deposition and Accumulation of Street Dirt 
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Table 13. Deposition and Accumulation of Street Dirt by Basin 
Initial Maximum Deposition Days to 
Load Load Rate Maximum 
Basin (kg/curb-km) (kg/curb-km) (kg/curb-km/day) Load 
MATTIS 
NORTH 265 455 35 18 
MATTIS 
SOUTH 80 130 7 14 
JOHN 
NORTH 30 50 5 14 
JOHN 
SOUTH 20 50 6 20 
Figure 8 represents the data collected in the experimental basins from 
May to July and in the control basins for May to September. After July, 
street dirt sampling in the experimental basins took place only after 
municipal sweeping of the streets, so the addition of those data to the 
plots doesn't improve the definition of the curves. The data collected in 
the control basins after September, when both received thorough cleanups, 
were not included in this analysis because of the marked difference in 
results of sampling in autumn from those of sampling in summer. These 
results will be treated separately in consideration of seasonal variation 
in deposition and accumulation of basin loads. 
Another consideration in further analysis will be whether the cri-
terion of a 0.20 inch rainfall minimum for basin cleaning is appropriate. 
Different precipitation volumes and other aspects of storms, such as inten-
sity, duration, and elapsed time since previous storm, along with indi-
vidual basin characteristics, may have more influence on cleaning by rain-
fall than this criterion allows. The incorporation of additional data, the 
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use of different criteria, and the consideration of seasonal variation 
could strongly affect the determination of deposition and accumulation of 
solids in the basins. 
CHARACTERISTIC PARTICLE SIZE DISTRIBUTION 
Figure 9 is a plot of average particle size distribution of street 
surface solids on the four large basins for the period May-June 1980. 
These curves are based on results of particle size determinations of 
material collected each sampling day. The median particle size in each 
distribution is also indicated on the figure. 
It is clear that the street dirt in the two residential basins, John 
North and John South, was very similar during the period represented. The 
distribution curves are nearly identical and the median particle sizes are 
close. This is not surprising since the basins are themselves very similar 
in land use, slope, development, vegetation, traffic, and street type and 
condition. The distributions of solids on the Mattis North and Mattis 
South basins, however, are not as similar to each other or to those on John 
North and John South. The differences of the Mattis basins from the John 
basins was expected because of the different character of the basin 
development, but the differences between the Mattis basins suggests that 
they may not be as well matched a pair as was originally supposed. Both 
Mattis basins have more large-size material per unit load than the John 
basins. This may be due to differences in street type and condition, 
traffic type and speed, land use and type of development, and sources. 
The median particle sizes for all four characteristic distributions 
are considerably higher than those generally reported in the literature. 
Any of several reasons may explain this. The street surface solids in this 
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Figure 9. Particle Size Distribution of Street Dirt From May - June, 1980 
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area may actually be very different in character from the material observed 
in other studies. The loadings themselves tend to be lower than those 
reported from other studies, so a relative abundance of coarse material or 
lack of fines would not be surprising. Since storms with moderate rain-
fall are frequent here, the fines do not have a chance to accumulate. 
Coarse materials tend to accumulate through several small events, only 
moving when a major storm occurs. The difference in distribution between 
this area and others may also be due to the generally good condition of the 
streets in the four basins; this makes them less likely to serve as sources 
or traps for street surface material. Differences in sampling methods and, 
thus, in efficiency of capture of various size particles may also have an 
influence. The procedure used in these areas in 1980 was modified in 1981 
to provide better collection of material. Finally there may be other 
unidentified mechanisms at work in the basins, either providing more large 
material or aiding in the removal of more small material than might be 
expected. All these factors could have a bearing on the difference in par-
ticle size distribution of street dirt between this study and others. 
STREET DIRT QUALITY BY PARTICLE SIZE 
For a complete understanding of the effect of street sweeping on 
runoff quality, it is necessary to know not only the load available for 
washoff and its particle size distribution but also the amount of each 
constituent of interest which is present in each particle size group. 
Figures 10-16 represent street dirt concentrations for seven constituents 
(Chemical Oxygen Demand, Phosphorus, Kjeldahl-Nitrogen, Lead, Copper, Zinc, 
and Iron) in the four major basins and the micro-basin. Each figure shows 
the concentration of the constituent, in mg/kg dry street solids, for six 
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Figure 10. Distribution of COD in May - June, 1980 Street Dirt 
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Figure 11. Distribution of Phosphorus in May - June, 1980 Street Dirt 
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Figure 12. Distribution of Kjeldahl-N in May - June, 1980 Street Dirt 
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Figure 13. Distribution of Lead in May - June, 1980 Street Dirt 
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Figure 14. Distribution of Zinc in May - June, 1980 Street Dirt 
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Figure 15. Distribution of Copper in May - June, 1980 Street Dirt 
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Figure 16. Distribution of Iron in May - June, 1980 Street Dirt 
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particle size splits of material passing a 2000 micron screen. In these 
basins the material less than 2000 microns makes up 75-90% of the total 
load and greater percentages of any particular constituent load. The 
values reported in the figures are averages for samples collected in the 
basins during May and June 1980. Comments on the contents of the figures 
follow: 
COD - Much higher values in the John basins, where there is more 
organic matter present, than in Mattis basins. Values reported for 
Mattis basins similar to literature values for commercial areas. 
PHOSPHORUS - Much higher values in John basins than in Mattis basins 
again due probably to differences in organic matter. Concentrations 
in larger sizes relative to those in smaller sizes much higher in John 
basins also. 
KJELDAHL-N - Very low values reported for Mattis basins; those from 
John basins closer to literature values. Again highest concentrations 
in larger size groups in John basins; not so in Mattis basins. 
LEAD - Proportional distribution through particle size groups similar 
for all basins, but much higher concentrations reported for Mattis 
basins than John basins. This was expected because of the heavier 
traffic on the commercial streets. Concentrations in smaller sizes on 
Mattis basins similar to literature values. 
ZINC - Surprising falloff of concentration in smallest size for all 
areas. Values reported are generally below averages reported in 
literature. 
COPPER - Concentrations for all sizes in all basins low, especially in 
larger sizes. These results show greatest concentrations in smaller 
size groups; literature values show lowest values in smaller sizes. 
IRON - No literature comparison data available. Concentrations are 
large in absolute terms, but much of the load may be environmental 
rather than related to a particular urban source or activity. 
Generally higher concentrations reported for the heavier traffic 
areas. Distributions of the concentrations by sizes are quite similar 
for Mattis basins and John North; only John South stands out differ-
ently in this aspect. 
SWEEPER EFFICIENCY 
The removal efficiency of a street sweeper can be determined by com-
paring basin load measurements made before and after sweeping. When the 
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particle size distributions are known, removal efficiencies can be calcu-
lated not only for total solids but also for the different particle size 
groups which make up the street load. When coupled with results of 
chemical analysis of different size groups for concentrations of constit-
uents in dry solids, the amounts of particular constituents removed by 
sweeping can be calculated. 
The results presented here are based on data gathered principally in 
1981, when sampling of the total loads on the experimental basins before 
and after sweeping became a routine feature of the program. Data on 
removal efficiency with respect to total loads are presented for all four 
basins. A short discussion of sweeper efficiency for different particle 
sizes, based on distribution data from the samples collected in April to 
May of 1981, is presented for the John North and Mattis South basins only. 
Figures 17 and 18 are graphical portrayals of sweeper removal effi-
ciency for total load in the four basins. Each point in a plot represents 
the percentage of initial load on the basin removed by an instance of 
sweeping plotted against the initial load, expressed in kg/curb-km. 
Percentage removal is defined as the difference between the initial load 
and the load remaining after sweeping, both determined by street dirt 
sampling, divided by the initial load. The dashed line in each plot 
represents the result of performing a linear regression on the set of 
points. The lines suggest a trend for the expression of efficiency, but 
the data are insufficient to define efficiency genuinely at this point. 
Figure 19 is included to demonstrate another aspect of the similarity 
between the John basins and the difference between the Mattis basins. The 
data from both John North and John South plotted together seem to form a 
single population. It is apparent that sweeper performance in the two 
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Figure 17. Municipal Sweeper Removal Efficiency for 
April - May, 1981 - John Street Basins 
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Figure 18. Municipal Sweeper Removal Efficiency for 
April - May, 1981 - Mattis Avenue Basins 
47 
Figure 19. Municipal Sweeper Removal Efficiency for 
April - May, 1981 - Combined Data 
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basins is nearly the same. This is reasonable, given the similarity of 
street loadings and physical characteristics of the basins. Figure 19 also 
shows the Mattis South data on the same plot and scale with the Mattis 
North data. Clearly the initial loads and performance of the sweeper are 
quite different for these two basins. The basin loads in Mattis North are 
characteristically higher at all times than those in Mattis South, due at 
least in part to differences in the physical nature of the basins, traffic, 
and sources of material. These factors put the performance of the sweeper 
on Mattis North in an entirely different range than that demonstrated in 
Mattis South, and consideration of the two sets of data as one population 
is not justifiable. 
The expression of sweeper efficiency by particle size is a necesssary 
step in evaluating the potential of a sweeper to reduce the load of any 
constituent on a basin. A conventional mechanical sweeper such as that 
used in this study does not demonstrate a constant efficiency for all 
particle sizes, but rather a high efficiency for large particles which 
gradually diminishes to a low efficiency for fine particles. The skill and 
judgment of the sweeper operator and the magnitude and distribution of the 
basin load have strong influence on the performance of a sweeper on any 
single day. However, over a period of time of sweeping a basin some 
pattern of efficiency should emerge. The results shown in table 14 were 
derived from examination of total basin loads and their particle size 
distributions calculated from sampling before and after sweeping on Mattis 
South and John North during April and May 1981. Five instances of sweeping 
and sampling constitute the data set. In each case particle size distri-
butions were applied to the basin loads before and after sweeping to 
produce the load on the basin in each particle size group. The values of 
49 
p a r t i a l b a s i n load i n each s i z e g roup b e f o r e and a f t e r sweeping were 
compared to y i e l d an e f f i c i e n c y o f removal for t h a t s i z e g r o u p , and t h e 
r e s u l t s were ave raged over the f i v e i n s t a n c e s . 
Tab le 1 4 . Removal E f f i c i e n c y by P a r t i c l e S ize 
PERCENT REMOVED 
P o r t i o n o f Load M a t t i s Sou th John N o r t h 
TOTAL 23 36 
>3350 microns 24 61 
3350-2000 microns 24 36 
2000-1000 microns 25 39 
1000-500 microns 26 36 
500-250 microns 25 25 
250-125 microns 18 15 
125-63 microns 6 10 
<63 microns 6 -5 
In the Mattis South basin the efficiency is nearly constant for 
particles greater than 250 microns; for material smaller than that the 
efficiency drops quickly. In the John North basin the variation in 
efficiency is much more pronounced, with excellent removal of large 
material ranging down to a counterproductive effect in the finest par-
ticles. The negative value for removal of material below 63 microns on 
John North indicates that the sweeping operation may actually be making 
more material in this size range available for sampling and washoff. 
ATMOSPHERIC DEPOSITION SAMPLING 
Throughout the 1980 sampling season atmospheric fallout samples were 
collected at three sites in or near the study basins. Separate wet and dry 
fallout samples were collected over the entire season; bulk fallout 
sampling was added in May 1980. Samples were collected with the intent of 
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identifying any significant contribution from the atmosphere to the basin 
load during dry periods and to runoff quality during storms. Samples kept 
for analysis were associated with specific events, and results included in 
consideration of event washoff loads. 
Tables 15, 16, and 17 contain summaries of fallout sampling in 1980. 
Table 15 summarizes wet fallout results. At each site 12 to 15 samples 
were kept for analysis. The table shows the maximum, minimum, and average 
of concentration values reported above detection limits for 14 constit-
uents. Comparison of these results to observed runoff concentrations 
indicates that substantial contributions of ammonia-nitrogen and nitrate-
nitrite nitrogen to runoff may be made by rainfall. Other constituents 
which may claim rainfall as an appreciable source are phosphorus and 
copper. The rest of the 14 substances are not traceable in any large part 
to wet fallout. 
The acidity of the wet fallout, measured as pH, is not included in the 
table. Of the values determined for all three sites, the lowest was 2.5, 
the highest 8.2. A trend in the results appeared: in March-April and 
September-October pH was generally above 5.0, while in May-August pH was 
usually in the range 3.0-5.0. The values around 3.0 seem rather low but 
they are consistent with regional acidity in rainfall. 
Table 16 is a summary of dry fallout results from 14-15 samples on 
each basin. The laboratory results expressed in mg/l (with a fixed amount 
of water added to each sample as solvent) have been converted to average 
deposition rates in mg/m2/day by incorporating the dry day period asso-
ciated with each sample. The contents of the table include for 10 constit-
uents the maximum, minimum, and average deposition rates calculated for all 
samples with concentrations reported above detection limits. It appears 
51 
TABLE 15. 1980 Wet Fallout Quality Summary 
TABLE 16. 1980 Dry Fallout Quality Summary 
SITE 1 SITE 2 S I T E 4 
no. of no. of no. of no. of no. of no. of 
averaged trace averaged trace averaged trace 
Constituent min max avg results results min max avg results results min max avg results results 
Ammonia-N 0.006 1.14 0.60 13 0 0.01 0.47 0.16 12 0 0.04 0.43 0.19 13 0 
Nitrate/Nitrite-N 0.07 1.16 0.54 10 0 0.22 0.57 0.37 9 0 0.25 0.86 0.41 10 0 
Phosphorus 0.03 0.61 0.18 13 0 0.01 0.78 0.10 13 0 0.01 0.36 0.08 13 0 
Lead 0.02 0.14 0.06 8 6 0.02 0.05 0.04 4 10 0.01 0.05 0.03 8 7 
Copper 0.001 0.11 0.03 12 2 0.001 0.10 0.02 13 1 0.002 0.26 0.06 12 3 
Iron 0.04 0.76 0.31 14 0 0.002 0.32 0.12 14 0 0.04 0.65 0.21 15 0 
Manganese 0.005 0.08 0.03 14 0 0.001 0.26 0.03 14 0 0.003 0.11 0.02 15 0 
Calcium 3.3 13.2 5.69 10 0 0.90 5.08 2.52 10 0 1.85 5.68 3.11 11 0 
Magnesium 0.17 1.9 0.88 10 0 0.15 0.90 0.41 8 2 0.16 1.07 0.46 11 0 
Sodium 0.13 0.24 0.19 6 4 0.02 0.14 0.10 3 7 0.09 0.14 0.12 4 7 
Total Samples 14 14 15 
2 All constituent values in mg/m /day 
TABLE 17. 1980 Fallout Load - Site 4 - Comparison of Bulk to Wet plus Dry 
that dry atmospheric deposition represents an insignificant contribution to 
the total loads on the basins of the listed constituents, but that it might 
be a significant input to the load in fines of any constituent on any 
basin. 
Table 17 shows a comparison of the loads in mg of 10 constituents in 
five sets of concurrent wet, dry, and bulk fallout samples from the John 
South basin. The contention that bulk fallout sampling is an adequate 
substitute for separate wet and dry sampling is tested by comparing the 
sums of the constituent loads in the wet and dry samples to the loads in 
the bulk sample. Reasonable correspondence is shown in most cases. 
However, due to the tendencies for some constituents to arrive principally 
in wet fallout and others in dry fallout, it is still desirable, if 
possible, to keep the two portions separate in atmospheric deposition 
sampling. 
SIMULATION RESULTS 
Simulation of the five basins using Q-ILLUDAS has reached the point 
where potency factors for selected constituents are being developed, and 
the street sweeping efficiencies are being estimated. A new algorithm 
added to the model outputs the basin load function during simulation. 
Calibration of this load function by comparison of basin loads generated 
before and after sweeping and storm runoff with our street dirt samples is 
currently being completed. Once this is done, the potency factors derived 
from lab analysis of the street dirt samples will be used in conjunction 
with the particle size washoff information obtained from the simulation to 
generate the final sets of potency factors. 
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As a part of the hydrology simulation, each event for each basin has 
been analyzed to generate total event rainfall, event five-minute maximum 
rainfall, observed peak, observed runoff volume, observed runoff coeffi-
cient, and simulated peak, volume and runoff coefficient. For the 1980 
season, plots of all observed hydrographs with selected pollutographs are 
available. Inspection of the runoff coefficients for the observed data 
have led us to believe that there may be an unknown source of runoff 
entering the Mattis Avenue North Basin during larger rainfall events. 
Since we have as yet not identified this problem, the remainder of this 
discussion will pertain only to the John Street basins. The following 
table is a comparison of observed and generated data for six events on the 
John Street basins, corresponding to the plotted hydrographs and hyeto-
graphs to be found in figures 20 through 25. 
John South Basin 
Total 5-min Observed Data Simulated Data 
Event rain rain Peak R.C. Peak R.C. 
date (in) (in) (cfs) (in/in) (cfs) (in/in) 
3/16/80 0.88 0.11 5.24 0.32 5.09* 0.17 
5/17/80 0.46 0.14 6.32 0.23 5.08* 0.13 
6/28/80 0.25 0.10 4.14 0.15 4.76 0.11 
7/27/80 0.86 0.13 6.55 0.13 5.26* 0.15 
9/16/80 0.82 0.08 4.15 0.15 4.16 0.15 
10/1/80 0.11 0.03 1.36 0.16 1.48 0.16 
*indicates surcharged simulation 
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Figure 20. Event of March 16, 1980 
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Figure 21. Event of May 17, 1980 
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Figure 22. Event of June 28, 1980 
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Figure 23. Event of July 27, 1980 
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Figure 24. Event of September 16, 1980 
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Figure 25. Event of October 1, 1980 
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John North Basin 
Total 5-mni Observed Data Simulated Data 
Event rain rain Peak R.C. Peak R.C. 
date (in) (in) (cfs) (in/in) (cfs) (in/in) 
3/16/80 0.88 0.11 6.74 0.29 7.86 0.30 
5/17/80 0.46 0.14 8.16 0.21 8.49 0.14 
6/28/80 0.25 0.10 6.82 6.16 6.26 0.11 
7/27/80 0.86 0.13 11.49 0.20 11.32 0.16 
9/16/80 0.82 0.08 7.22 0.16 5.53 0.16 
10/1/80 0.11 0.03 1.86 0.23 1.89 0.17 
The results shown on the table and plots represent a nine month 
continuous simulation of each basin. The simulation is quite good, con-
sidering that the proximity of the two raingages used with respect to the 
size of the two basins may not generate sufficient north-south definition 
of storm tracking and do not show a north-south variation in rainfall. 
In order to be confident that the modeling of water quality concentra-
tions is truly representative of what is actually happening on the water-
shed, events such as those shown here will be used as a final calibration 
of the pollutant potency factors. These events demonstrate similarity in 
observed and simulated hydrograph peaks, volumes, runoff coefficients, and 
overall shapes. This implies that the point to area uniform rainfall 
distribution assumed in such models is more reliable for these events than 
in events where a large degree of temporal distribution may be expected, 
such as scattered thunderstorms. 
Once the optimal events described above are completely calibrated, the 
effects of street sweeping will be tested based solely on the model. The 
point to area assumption may then be applied for all events uniformly, 
yielding several time series representing varying degrees of street 
sweeping. 
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EFFECTS OF STREET SWEEPING ON TOTAL WASHOFF LOADS 
Figures 26 through 29 show a comparison of the effects of street 
sweeping on the total washoff load from the John Street North Basin. Each 
graph is represented by a set of data points and a regression line com-
paring the washoff loads for concurrent events on the two John Street 
basins during the no street sweeping portion of 1980, and a second set for 
the street sweeping period. North John is always plotted as the ordinate, 
and South John as the abscissa. With this scheme, any positive effects of 
the street sweeping will show up as a milder slope of the circular data 
points and dashed regression line with respect to the solid dot data and 
solid regression line, representing unswept conditions. Detrimental 
effects appear as a steeper relative slope. 
By looking first at only the actual plotting points, one sees that 
only copper reflects a clear overall improvement due to street sweeping. 
All other parameters indicate a potential detrimental effect on the smaller 
events due to street sweeping, and appear to drop to lower relative values 
as the event load increases. This is apparently due to a combination of 
sweeping-related phenomena. The increase in the total washoff loads may be 
due to any or all of the following: increased availability of fines due to 
removal of larger particles, increased total fines load due to breakage of 
larger particles, increased fines and organics (detached) due to the 
mechanical loosening of material from the street surface, and nominal 
increase of gutter velocity and tractive shear due to decreased surface 
resistance. The relative improvement seen for larger events having 
generally higher runoff volumes and velocities is most likely due to the 
more effective removal of larger material by the sweepers. Relating this 
to the parameters shown, the relative increase in the availability of finer 
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Figure 26. Effects of Sweeping on Washoff Load - Total Dissolved 
Solids and Total Suspended Solids 
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Figure 27. Effects of Sweeping on Washoff Load - Lead and Copper 
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Figure 28. Effects of Sweeping on Washoff Load - Total Nitrite-
Nitrate and Total Phosphorus 
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Figure 29. Effects of Sweeping on Washoff Load - Total Ammonia 
and Chemical Oxygen Demand 
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material with respect to the total surface loading seems to allow more 
material to washoff, both in solution and in suspension, during events 
characterized by low velocities of gutter flow and low runoff volumes after 
street sweeping (on a regular basis) than for the same type of events on 
unswept basins. As surface flow velocities and runoff volumes increase, 
the materials which are themselves effectively removed by sweeping, or 
which have been removed through their attachment to larger particles, are 
available to the surface runoff in smaller quantities, and thus an 
improvement in washoff load may be expected. 
The relatively few data points for these parameters show a large 
degree of scatter, and therefore no firm conclusions can be drawn from the 
regression lines at this point. In looking at copper, for instance, we can 
assume that sweeping has a positive effect on the washoff load, and 
possibly even that copper is either effectively removed by sweeping, or 
that it is not as strongly associated with fines as it is with larger 
particles. On the other hand, lead, total dissolved solids, and nitrite 
appear to have milder regression slopes and higher intercepts, indicating 
that the agitation of surface loads by street sweeping has a detrimental 
affect for small events, but tends to improve for larger events. The 
phosphorus data are too closely grouped to permit conclusions, and ammonia 
doesn't have enough data during the no sweeping period to significantly 
define a trend. The plotted data for suspended solids implies no particu-
lar change due to sweeping. Particle size analyses of solids in water 
samples collected for these events indicate that the bulk of the material 
reported as suspended solids is smaller than 63 microns, a size which is 
not effectively treated by street sweeping. The chemical oxygen demand 
plot is also suspect. One extreme point has lowered the slope of the no 
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sweeping regression line. A plot of the values within the bounds of the 
graph would show this parameter to reflect a pattern similar to those of 
nitrate-nitrite and lead. 
EFFECT OF STREET SWEEPING ON MAXIMUM SOLIDS CONCENTRATIONS 
Figure 30 shows a comparison of the effects street sweeping might have 
on the maximum concentrations of total dissolved solids and total suspended 
solids in urban runoff. These graphs seem to indicate that no significant 
change in maximum concentration of total suspended solids should be 
expected. The improvement suggested by the regression lines is unreliable 
due to the scatter of the sweeping data points and the absence of any 
events generating high concentrations on the two basins during the sweeping 
period. 
Some improvement in maximum dissolved solids concentration appears to 
exist, but the improvement is marginal and the conclusion is clouded by 
incomplete data. 
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Figure 30. Effects of Sweeping on Maximum Concentrations of 
Total Dissolved and Total Suspended Solids 
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QUALITY ASSURANCE/QUALITY CONTROL 
SAMPLER PERFORMANCE 
On three occasions, simultaneous automatic and manual samples of storm 
runoff were collect at a site during an event. The purpose of this 
sampling was to determine how well a sample collected by automatic means 
represented the quality of the flow at that moment. It was considered 
possible that automatic sampling through the fixed intake located near the 
invert of the storm sewer might produce a sample not representative of the 
flow because of incomplete mixing in the pipe. In each test several pairs 
of samples were taken. Each pair consisted of one 1000-ml sample pumped by 
the automatic sampler and another 1000-ml sample collected manually in the 
sewer. The manual sample was collected in a manner to represent the entire 
cross-section of flow and was considered the standard against which the 
automatic sample should be compared. Both samples in each pair were sent 
to the IEPA laboratory for analysis of total suspended solids and total 
dissolved solids. 
Results of these samples are shown in table 18. The first set was 
collected in November 1979 at Site 2. In the three pairs the solids 
concentration ranged from 7 to 17 percent higher in the automatic sample. 
The second set, from Site 4 in May 1981, shows little effect of sample type 
on the solids load. However, these samples were collected well after the 
peak flow of the event, while the flow was gradually receding and after the 
greatest part of the solids load for the storm had already been moved. The 
third set, from Site 2 in June 1981, shows very high suspended solids 
concentrations in both types of samples, but again those in the automatic 
samples are substantially higher until well after the peak flow. 
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These findings suggest that the use of the automatic sampler with the 
intake fixed near the invert of the sewer may result in calculation of 
larger event loads than would be determined by more representative 
sampling. This could be true not only for suspended solids but for any 
constituent which exists principally in the suspended phase in runoff. 
This must be accounted for in examining event, seasonal and annual loads 
and materials balances. 
Table 18. Automatic Versus Grab Sampling 
Total suspended Total dissolved 
solids cone. solids cone. Estimated 
Sample Date (mg/1) (mg/l) flow 
set (mo/yr) Site Manual Auto Manual Auto (cfs) 
1 11/79 2 84 98 
83 97 
90 97 
2 5/81 4 22 20 115 109 0.8 
25 26 99 102 1.2 
22 24 92 96 0.9 
20 22 98 95 0.6 
3 6/81 2 408 540 190 212 0.5 
563 663 144 154 4.8 
426 489 130 127 1.3 
152 160 109 113 0.9 
BUBBLER PERFORMANCE 
A major concern in data collection was whether the water level 
recorder, or bubbler, was producing a true reading of depth of flow at a 
sampling site. To determine this, a test was devised in which the depth of 
water above the bubbler orifice in the sewer was physically measured during 
an event. Simultaneous readings of the bubbler output signal to the 
telemetry system were made and converted into depth values and the results 
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of the two sets of measurements compared. The precision of the two 
measuring methods was roughly equal, about ft. This test was 
performed at Site 2 on June 12, 1981, and the results are shown below: 
Manual depth Bubbler depth 
Time measurement (ft) measurement (ft) 
0915 0.20 0.14 
0916 0.20 0.17 
0919 0.70 0.67 
0926 0.60 0.59 
0930 0.45 0.47 
0933 0.40 0.43 
0938 0.30 0.30 
0940 0.30 0.29 
The results of this test show that the bubbler, when properly cali-
brated and adjusted for site conditions, produces a reliable measure of 
depth of flow in the sewer. 
Another problem with respect to the bubblers was erratic behavior. It 
was noted early in the project that each unit showed slight, individual 
deviations from a perfect 1:1 representation of depth of water above the 
orifice. It was also observed that with passage of time and changes in 
temperature a unit's zero setting would drift off its proper point and its 
bubble production would gradually slow down and stop. The latter problems 
were handled with the institution of frequent checks of zero setting and 
bubble rate for each unit in the field. To determine the accuracy of depth 
measurement by each bubbler, a laboratory procedure was devised. In a test 
a bubbler air line was attached to a water column in which the level could 
be varied throughout the nominal range of the bubbler, and simultaneous 
readings of actual water depth and metered depth reported by the bubbler 
were made. For each test a figure similar to figure 31 was drawn, plotting 
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Figure 31. Example Bubbler Rating Curve 
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metered depths against actual depths. From the results and the plot a 
correction factor was calculated for the bubbler. All values reported 
subsequently by that bubbler in routine data collection were multiplied by 
its correction factor so that accurate depths would be used in flow calcu-
lation. Tests were repeated occasionally during the sampling season on 
every active unit whether or not it had shown signs of erratic performance. 
Tests were mandatory after a damaged bubbler had been repaired and before 
it was placed in use again. Long-duration tests in the laboratory showed 
that the multiplier required for correct depth representation did not 
change significantly with time. 
SYSTEM MAINTENANCE 
Early in the operation of the data collection network, it became 
apparent that a routine of visits to the remote sites for checking and 
adjusting equipment would have to be established to assure proper 
performance of the system during storms. The following is a schedule of 
tasks carried out during the periodic site visits: 
Frequency Task 
2-3/week Bubbler - Check bubble rate, adjust zero setting, blow 
out air line 
Sampler - Check for spurious samples 
1/week Bubbler - Compare electronic output to physical 
measurement of depth in pipe and adjust 
bubbler accordingly 
Sampler - Check sampler function by running through 
purge/pump/purge cycle, then reset 
Raingage (recording) - Change chart, wind clock, refill 
ink supply 
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Frequency Task 
l/week Wet/Dry Samplers - Check basic functions: power supply, 
precipitation sensors, cover movement 
mechanism 
Micro-Basin - Clean out trash, litter, leaves, etc., 
accumulated in catch basin 
l/month Bubbler - Clear orifice installation in pipe of sediment 
and debris 
Sampler - Clear intake installation in pipe of sediment 
and debris 
Raingages (tipping bucket) - Clean screens and buckets 
of vegetation, fine particles, and other 
interferences to performance. 
In addition to these routine checks of the sites, the field crew 
investigated any problem discovered at a site or any suggestion of a 
problem indicated by peculiar responses from the remote stations to the 
interrogation from the central station. 
STREET DIRT SAMPLING PROCEDURE EVALUATION 
In March 1981 the ISWS crew traveled with its street dirt sampling 
equipment to Milwaukee, Wisconsin, the site of a NURP project run by the 
Wisconsin Department of Natural Resources. The purpose of the journey was 
to compare the ISWS street dirt sampling procedure to the procedure being 
used in the Milwaukee study. Two kinds of tests were performed. In the 
first, the two sets of equipment were operated in the Milwaukee study 
areas, collecting samples consisting of identical numbers of subsamples and 
passes across the streets. The total weights and particle size distribu-
tion of the material collected by the two methods were compared for 
corresponding samples. In the second test, pairs of adjacent plots on an 
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asphalt street and a concrete street were cleaned first with one system, 
then with the other, and last with a wet vacuuming technique. One of each 
pair of plots was cleaned first with the Milwaukee system, then with the 
ISWS system; the reverse of this order was used on the other. The loads in 
each sample from each plot were examined to determine what the total load 
on the plot had been, how much had been collected by the first cleaning 
system used, how much had been left behind by the first and collected by 
the second, and how much had been left behind by the second and collected 
by the wet vacuum. 
The results of the first tests appeared to favor the Milwaukee 
procedure. In six out of seven instances the load picked up by the 
Milwaukee system was greater than that collected by the ISWS system. The 
ISWS sample loads ranged from 57-93% of the Milwaukee loads in those six 
cases; in the seventh the ISWS sample was 10% larger than the Milwaukee 
sample. Particle size analysis of the samples indicated that proportion-
ally more of the finer size particles were being collected by the Milwaukee 
procedure as well. However, both crews recognized that apparently minor 
differences in the type of intake mounted on the vacuum wand and in the 
effort used in applying the vacuum to the street surface, especially at the 
curb, could be at least partially responsible for the differences between 
corresponding sample loads. 
The second set of tests demonstrated that the capability of the two 
systems was about the same. For each test plot, the weights of the 
material taken off by the sequential dry vacuuming were added and called 
the dry load. The solids collected in the following wet vacuuming were 
measured and that weight added to the dry load for the total load on the 
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test plot. On concrete street, the Milwaukee system collected 95% of the 
dry load, 82% of the total load; the ISWS system collected 97% of the dry 
load, 88% of the total load. On asphalt street, the Milwaukee system 
captured 86% of the dry load, 54% of the total; the ISWS system captured 
88% of the dry load, 57% of the total. On the concrete street the material 
picked up by the wet vacuum after two dry vacuumings represented 10-14% of 
the total loads; on asphalt, 35-37% of the totals. With respect to the 
material less than 63 microns in size, only 35-40% of it on the concrete 
street and 18-24% on the asphalt street were removed by the first dry 
vacuuming. After both passes by dry vacuum, 55-59% of the material smaller 
than 63 microns on concrete and 72-73% on asphalt still remained for the 
wet vacuum to collect. Relatively, though, the Milwaukee equipment per-
formed better collection of fine particles on concrete, while the ISWS 
equipment had better collection of fines on asphalt. 
Consideration of the results of the second set of tasks and interpre-
tation of the results of the first set, with regard to possible influences 
of slight operational differences, led to the conclusion that the ISWS 
method of collecting street dirt samples adequately represented the loads 
at the sampling points. This reinforced the decision to continue into the 
1981 sampling season with only minor modifications to the sampling 
procedure. 
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SUMMARY AND CONCLUSIONS 
The analysis of the 1980 data suggest a conclusion unexpected at the 
outset of the project. It appears that while twice-weekly municipal sweep-
ing of the residential basins has an obvious effect on measured street dirt 
load, it has no discernible beneficial effect on runoff quality. In fact, 
street sweeping may actually exert a negative influence on runoff quality, 
as more material may be washed off of a swept basin than an unswept one. 
If these results persist throughout the study, then mechanisms will be 
determined to explain them. However, three major considerations must be 
explored before the indicated conclusion can be accepted, and two of them 
depend directly on analysis of 1981 data. the possibility of influence of 
other factors, as yet unidentified, also must be assessed. 
The first question is whether the commercial basins show the same kind 
of response to street sweeping as the residential basins did in the 1980 
season. The amounts and characteristics of the basin loads were much less 
similar between basins for the commercial pair than for the residential 
pair. Sweeping of the Mattis South basin produced a lower percentage 
reduction of load than sweeping of the John North basin. When the problems 
with the flow data collected in these basins have been resolved, the 
sampling results from 1980 will be examined in the same way as were the 
residential basin results to determine the effect of sweeping on runoff 
quality. 
The second question is whether the selection of one basin of each pair 
as the experimental basin, rather than the other, introduced any kind of 
bias into the findings. Even if street dirt loads on the paired basins 
were identical, differences in street surface type and condition, slope, 
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traffic, and drainage network configurations and characteristics could 
affect runoff quality. This problem has been treated in the 1981 season by 
reversing the basin designations, so that the basins which had been control 
basins were routinely swept and those which had been experimental basins 
were left unswept. Any bias in the results due to arbitrary basin designa-
tion should become evident in inspection of the 1981 data. 
The third question was whether the season of the year during which 
experimental sweeping was conducted influenced the results more than was 
expected. Autumn loadings in the residential areas were quite different 
from summer and spring loadings, with much greater quantities of leaves and 
other organic matter. The results of continued runoff monitoring, street 
dirt sampling, and municipal sweeping through the spring and summer of 
1981 will be analyzed with the intent of evaluating any seasonal 
influence. 
Finally there may be other aspects of the problem which have been 
unaccounted for so far in the analysis but which may explain some of the 
unexpected results. One aspect which will be examined is the particle size 
distribution of solids actually carried by storm runoff. Only during 1981 
have data addressing this topic been collected. The ultimate determina-
tion in this project of the effect of street sweeping on runoff quality 
will depend on analysis of data collected during both seasons, with consid-
eration given to all identifiable influences. Any conclusions drawn at 
this point are obviously based on incomplete data and are premature. 
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